This study assessed the longer-term (12-month) variability in post-exercise heart rate recovery following a submaximal exercise test. Longitudinal data was analysed for 97 healthy middle-aged adults (74 male, 23 female) from two occasions, 12 months apart.
Introduction
Post-exercise heart rate recovery (HRR) is not always recorded or monitored following exercise testing, this is despite the well-established associations of slow HRR with training status [10] , cardiovascular disease (CVD) risk and mortality [8, 9, 19] . HRR has also been reported to be modified by the CHRM2 gene in sedentary and trained individuals [13] . HRR as a supplementary mode of cardiovascular assessment requires good reproducibility to be implemented in routine screening procedures that track longitudinal changes in CVD risk.
Few investigations have reported the reproducibility and reliability of HRR, and of these they have been based on short-term test-retest durations from day-to-day variation [16, 17] , 72 hours [4] , two weeks [2] , with the longest follow-up of 18 weeks [21] . However, cardiovascular screening in healthy adults attending preventative health assessments is typically undertaken on an annual basis and no study to date has assessed longer-term reproducibility.
Various factors identified by Morise [18] can influence the reliability of HRR including exercise protocol and intensity (influencing peak HR attained) and the post-exercise recovery protocol which may incorporate a cool down or immediate cessation, and various postural differences thereafter including supine, seated or upright, all of which will affect the rate of HR decline. Furthermore, the post-exercise HRR monitoring time-points have varied from 30 seconds [8, 15] to eight minutes [11] . Most recently, it has been suggested HRR is more reliable following submaximal exercise testing and longer recovery durations [2, 4] . HRR after submaximal exercise has been previously reported to show high intra-class correlation coefficient (ICC) values, for exercise protocols above 65% of age-predicted maximum heart rate (APMHR), but highest values with protocols requiring at least 80% APMHR in healthy International Journal of Sports Medicine 2014, 35: 135-38 individuals [2] . However, other investigators found no difference in HRR reliability following submaximal and supramaximal exercise [1] . A recent review supports the use of HRR as a valuable tool to monitor changes in training status in athletes and less trained individuals, which would also encompass clinical populations, but they highlighted the need for the standardisation of HRR protocols [10] .
Thus, the aim of this study was to assess the longitudinal variation of post-submaximal exercise (85% APMHR) HRR after 12-month follow up in healthy middle-aged adults attending a preventative health assessment.
Methods and Materials
Participants: Longitudinal data was retrospectively collected for 97 (74 male, 23 female) participants that had attended two health assessments, 12 months apart (47.5 ± 7.1 years and 48.6 ± 7.2 years, test 1 and 2 respectively). Participants were instructed to not consume any food or caffeine within 12 hours before the tests and to not perform any exercise within 24 hours of the test [20] . The participants for this study were retrospectively selected based on the following main criteria; no change in frequency of physical activity determined by selfreport questionnaire (total, moderate and vigorous). To ensure similar training and lifestyle status, the secondary criteria included the following; 1) unchanged smoking status 2) selfreport alcohol intake within 5 units, 3) body mass within 2.0kg or less than 1% body mass and 4) exercise test duration was within 10% of previous test result. There was no control for Exercise test and HRR protocol: Each participant performed a submaximal Bruce treadmill test [5] to at least 85% APMHR using a T2100 treadmill (GE Healthcare, UK). The time taken to achieve target HR was used as the surrogate measure of cardiorespiratory fitness. A 12-lead electrocardiograph (ECG) was monitored before the test to determine resting HR (RHR), throughout the test and during recovery (Marquette CASE Stress system, GE Healthcare, UK). HR was recorded at the end of each minute and blood pressure (BP) was recorded in the last minute of each 3-minute stage (Tango BP monitor, Suntech Medical, Oxfordshire, UK). Once target HR had been achieved the treadmill was stopped and participants adopted an immediate supine position to promote parasympathetic activation for a minimum of five minutes or until returned to resting level [5] . HRR was recorded at the end of each minute, both as an absolute HR value, for example, 120 b.min -1 [17] , and as a ΔHRR value (peak HR minus HR at selected the time-point) for example, 20 beats. It has been suggested the absolute HR value produces greater reliability than ΔHRR, so both measures
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were used in this study [4] . For a more accurate HRR measurement, training status and final exercise workload should be stabilised. To improve test sensitivity to detect meaningful changes in HRR, an exercise intensity between 86-93% of APMHR should be used [17] .
Absolute HR at one and two minutes post-exercise are henceforth referred to as HRR 60 and HRR 120 , respectively, and ΔHRR at one and two minutes is referred to as ΔHRR 60 and ΔHRR 120 , respectively. [3] .
Coefficient of variation (CoV), bias and 95% limits of agreement (LOA) were calculated to determine the within-subject variation of all HRR measures using raw and log-transformed values. To calculate within-subject CoV, within-subject standard deviation (SD i ) was divided by the group mean, this was multiplied by 100 to obtain a percentage score (CoV%). The data was analysed using Bland-Altman 95% LOA, by the formula ± (critical value of t * SD) where = mean bias (mean of the differences), and SD = standard deviation of the differences [12] . In this study, the sample size was 97 participants (df = 96). From standard statistical tables, the two-tailed critical value of t for 96 df at the 95% confidence level was 
Results
Descriptives: All data were normally distributed. Preliminary Student's paired t-tests revealed that there was no significant differences from baseline to follow-up for BMI, WC, WHR, BF%, exercise duration to target HR (85% APMHR), weekly frequency of total, moderate and vigorous physical activity (all P>0.05). In addition, lipid profile and fasting blood glucose levels were not significantly different between the two testing occasions (P>0.05). slightly greater than HRR 120 . The absolute HRR ICC values were higher with narrower confidence intervals than ΔHRR. The 95% confidence levels were similar between timepoints. These data would suggest absolute HR is more reliable than ΔHRR based on ICC.
Raw HRR data is presented in table 3. Despite data being normally distributed, the raw data produced large CoV%, particularly for ΔHRR data so log transformed values are presented in brackets. The raw HRR data showed higher CoV% than the log-transformed data, although Figure   1 . These LOA data are not narrow ranges expected for excellent agreement and the ΔHRR data do not corroborate with CoV% data. LOA and CoV% for log-transformed HRR data (not presented) suggested there was less variability at ΔHRR 120 than ΔHRR 60 , which is inconsistent with absolute HRR findings. The 5% difference suggested ΔHRR 120 is a more reliable time-point for test-retest reliability in middle-aged healthy adults following a submaximal treadmill test when using log-transformed data and ΔHRR.
Discussion
The current study has demonstrated that following repeat submaximal treadmill tests, performed 12 months apart, absolute HRR 60 data displayed variability of 10.2%. The logtransformed absolute HRR 60 and HRR 120 displayed variability of 2.2% and 2.9% respectively.
The lower variability at one-minute post-exercise compared to two-minutes is similar to The CoV% and ICC findings suggested a higher level of agreement with HRR 60 compared to HRR 120 , which supports the findings of Lamberts and colleagues [16] , who reported CoV for one-minute HRR to be more reliable (2.4%) than two-minutes (6.1%) after submaximal running exercise to around 90% APMHR. Al Haddad and colleagues [1] found similar reliability of ΔHRR to this study at 15-32% but current ΔHRR data is consistent with previous studies that have consistently concluded improved reliability of ΔHRR with longer recovery durations [2, 4] . Most HRR studies focus on the delta change from peak exercise HR as this is the method implemented to identify abnormal HRR (for example HRR of <12 beats) and has been used since the late 1990's [8] . However, the results still support the use of absolute HRR values over ΔHRR due to narrower LOA ranges and CoV below 5%
indicating less variability, which postulates higher reliability [4] . This is a simple addition to exercise testing protocols -and the test administrator can refer and report the exact heart rate values at recovery time points and no calculations are required. We also recommend the use
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of ΔHRR for comparative purposes -given this is related to CVD risk within the majority of published studies.
HRR reliability studies have implemented similar continuous graded treadmill tests [8, 16, 17, 19, 21] , some with supine recovery [19, 21] ; whilst cycle ergometry [2] , cool-down [8] and seated HRR protocols have been used by others [2, 4, 9] . Supine recovery was favoured for the current study as it has been shown to accelerate and increase parasympathetic reactivation following submaximal exercise [6] . Previous studies have only administered short test-retest durations between measurements [2, 4, 21] . It may be the case than shortterm reliability improves with duration, but longer-term reliability does not. This is the first study to assess HRR reliability over a 12-month period, which suggests HRR 60 is more reliable than HRR 120 over longer test-retest conditions when the absolute HRR values are used (due to lower variability). This may be suggestive that the parasympathetic reactivation associated with HRR 60 is more stable over time than the sympathetic influences of longer recovery durations.
The same submaximal exercise protocol, immediate supine HRR protocol and HRR timepoints were controlled for but other factors may have influenced the reliability within this investigation. The participants selected had no or minimal changes to their physical activity habits, fitness and anthropometric measurements in order to control for biological error, but minor differences may have contributed to the variability of data. The exact control of extraneous variables could not be guaranteed with a 12-month time period between measurements, therefore this may affect the reliability of the data. For example, the time of day could not be controlled so participants may have been tested in the afternoon, after a stressful morning at work, leading to temporary elevated sympathetic activity and reduced [17] .
Conclusion
The HRR data was reliable over the 12-month period in healthy middle-aged adults who had made no changes to self-reported frequency of physical activity, and with only minimal changes to their fitness and anthropometric profiles. Absolute HRR appears more reliable than ΔHRR according to all measures of reliability. HRR reliability does not improve with post exercise monitoring duration, following a 12-month follow-up, as first-minute recovery values were more reliable when absolute HRR is recorded. It is conceivable that the parasympathetic reactivation in the first minute is more stable over time than the sympathetic mechanisms associated with longer duration post-exercise recovery. 
